Abstract. The purpose of this study was to prepare wax-incorporated pectin-based emulsion gel beads using a modified emulsion-gelation method. The waxes in pectin-olive oil mixtures containing a model drug, metronidazole, were hot-melted, homogenized and then extruded into calcium chloride solution. The beads formed were separated, washed with distilled water and dried for 12 h. The influence of various types and amounts of wax on floating and drug release behavior of emulsion gel beads of calcium pectinate was investigated. The drug-loaded gel beads were found to float on simulated gastric fluid if the sufficient amount of oil was used. Incorporation of wax into the emulsion gel beads affected the drug release. Water-soluble wax (i.e. polyethylene glycol) increased the drug release while other waterinsoluble waxes (i.e. glyceryl monostearate, stearyl alcohol, carnauba wax, spermaceti wax and white wax) significantly retarded the drug release. Different waxes had a slight effect on the drug release. However, the increased amount of incorporated wax in the formulations significantly sustained the drug release while the beads remained floating. The results suggest that wax-incorporated emulsion gel beads could be used as a carrier for intragastric floating drug delivery.
INTRODUCTION
Oral administration is the most preferable route of drug delivery to the systemic circulation. A problem frequently encountered with conventional sustained release dosage forms is the inability to increase the residence time in an absorption window, i.e. stomach and proximal portion of the small intestine (1) . Retention of drug delivery systems in the stomach prolongs the overall gastrointestinal transit time, thereby resulting in improved oral bioavailability of poorly soluble drugs (2) . These systems are also appropriate for drugs which are locally active to the gastric mucosa in the stomach, for example, antibiotic administration for Helicobacter pylori eradication in the treatment of peptic ulcer disease (3) . The local delivery of antibiotic by a means of intragastric floating drug delivery may overcome the inefficiency of conventional oral administration of the antibiotic, e.g. low concentration of the antibiotic reaching the bacteria under the mucosa and short residence time of antibiotic in the stomach.
Methods for prolonging the gastric retention of drugs or dosage forms have been attempted based on different mechanisms such as floating, expansion/plug type, high density, or adhesion to mucosa (2, 4) . The floating system in particular has been extensively researched, mainly because the floating system does not adversely affect the motility of the GI tract. Immediate floating can be achieved if the density of the device is low at the beginning, for example, being provided by the entrapment of air (5) or by the incorporation of low density materials such as oils (6) and foam powders (7) .
Calcium pectinate is a result of complexation of the polygalacturonate sequences by calcium ions (8) , known to be insoluble and resistant to acidic media. Calcium pectinate gel (CaPG) beads has been used as a vehicle for controlled release of drugs (9, 10) and for targeting drugs to the colon (11) (12) (13) . The benefits include cheap and abundant sources, excellent biocompatibility, and total degradation without hazardous by-products (14) . Recently, CaPG beads have been used as a floating drug delivery system, e.g. oilentrapped CaPG beads (15, 16) and CaPG beads containing carbonate salts (17, 18) . The morphology, floating properties, and drug release behavior of floating CaPG beads were studied. The effect of various release modification methods on drug release including the use of additives in the starting solution prior to bead formation, hardening with glutaraldehyde, and coating with polymer has been also investigated.
The purpose of the present study was to investigate the influence of incorporated wax, which prepared by hot-melt extrusion along with ionotropic gelation, on the drug release behavior of the drug-loaded emulsion gel beads of calcium pectinate. Metronidazole, an antibiotic used for eradication of H. pylori, was used as a model drug for intragastric floating drug delivery system.
MATERIALS AND METHODS

Materials
Low methoxy pectin with a degree of esterification of 28% and a degree of amidation of 20% (GENU pectin type LM-104 AS-FS) was the generous gift of CP Kelco (Lille Skensved, Denmark). Metronidazole (i.e. MZ), glyceryl monostearate (i.e. GMS; P.C. Drug Center, Bangkok, Thailand), calcium chloride, polyethylene glycol 10000 (i.e. PEG; E. Merck, Darmstadt, Germany), olive oil, carnauba wax, spermaceti wax, white wax and stearyl alcohol (Nam Siang Co., Ltd., Bangkok, Thailand) were used as received. All other chemicals were of standard pharmaceutical grade.
Preparation of Conventional CaPG Beads and Emulsion Gel Beads
Conventional CaPG beads were prepared by the ionotropic gelation method that was previously described (9, 10) .
Briefly, 4 g of pectin were dispersed in water with agitation, and then 4 g of MZ (80-mesh sieved) were dispersed in pectin solution to make a 100-g solution. The dispersion was then extruded through a plastic needle into 0.34 M calcium chloride which was gentle stirred at room temperature. The gel beads formed were allowed to stand in the solution for 20 min before being separated and washed with distilled water. The beads were dried at 37°C for 12 h.
The emulsion gel beads of calcium pectinate were prepared by emulsion-gelation method as previously reported (15, 16) . Four grams of pectin were dissolved in water with agitation. Thirty grams of olive oil were added to the mixture of pectin and MZ (1:1) to make 100-g mixtures and homogenized using a homogenizer (Type X1020, Ystral GmbH, Dottingen, Germany), at 3,000 rpm for 5 min. The emulsion gel beads were treated in the same manner as conventional CaPG beads.
Preparation of Wax-incorporated Emulsion Gel Beads
Various amounts of different waxes (i.e. PEG, GMS, white wax, carnauba wax, spermaceti wax and stearyl alcohol) were melted in water bath at 60-85°C, depending on the melting ranges of the waxes used. The molten wax was dispersed in the homogenized emulsion mixture of pectin, oil and MZ which already heated to same temperature, and then mixed until the homogenous mixture was obtained. The hotmelted mixture was extruded into 0.34 M calcium chloride (cooled at 5°C). The wax-incorporated emulsion gel beads obtained were treated in the same manner as conventional CaPG beads. The formulations studied are shown in Table I .
Study of Particle Size and Morphology of Gel Beads
The mean diameter of 50 dried beads was determined by optical microscopy (BH-2, Olympus, Japan). The microscope eyepiece was fitted with a micrometer by which the size of the beads could be determined.
Morphological examination of the surface and internal structure of the dried beads was carried out using a scanning electron microscope (Model Maxim-2000, CamScan Analytical, Cambridge, England) equipped with secondary electron detector at an accelerating voltage of 15 keV. The samples were coated with gold to a thickness of about 30 nm in a vacuum evaporator. The internal structure of the beads was examined by cutting them in half with a steel blade.
Buoyancy of Gel Beads
The gel bead samples (n = 20) were placed in the Erlenmeyer flask filled with 50 ml of simulated gastric fluid USP without pepsin (SGF) test solution. The flask was shaken in a shaking incubator. The shaking speed was 100 rpm and the temperature was maintained at 37°C. Their buoyancy was observed for 24 h. The preparation was considered to have buoyancy in the test solution only when all of the gel beads floated in it (3, 16) .
Determination of Drug Release
The in vitro release of MZ from the different formulations was examined using a USP dissolution apparatus 1 (Erweka, Germany) with 1000 ml of SGF (pH 1.2) and the basket rotation at 100 rpm. The temperature was controlled at 37± 0.1°C. Samples were taken at appropriate time intervals and assayed spectrophotometrically (UV-spectrophotometer, Hitachi U-2000, Japan) at 277 nm (15, 16) . All dissolution runs were performed in triplicate.
RESULTS AND DISCUSSION
Preparation and Morphology of Gel Beads
The emulsion gel beads containing pectin could be prepared by emulsion-gelation method as described in previous reports (15, 16) . Pectin helped to emulsify the mixture of aqueous drug solution and oil phases during the homogenization process. It is probably due to the surface active ability of pectin to reduce the interfacial tension between an oil phase and a water phase (19) , or steric and mechanical stabilization mechanisms similar to other polysaccharides such as cellulose, guar gum and locust bean gum (20) . To investigate the effect of selected waxes (with different melting temperatures) in the formulation on drug release behavior, a modified emulsion-gelation method, by which the emulsion containing pectin was gelled by the action of calcium, was used. The molten wax was dispersed in the homogenized emulsion mixture of pectin, oil and MZ which already heated to the same temperature, and then mixed until the homogenous mixture was obtained. The hot-melted mixture was extruded into calcium chloride solution. The spherical beads of wax-incorporated emulsion gel were obtained by hot-melt extrusion and ionotropic gelation.
The conventional CaPG beads were oval in shape but the most of the emulsion gel beads were spherical after drying (Table I ). The exception is for the emulsion gel beads containing spermaceti wax which were drop-like shape. Figure 1 shows the typical SEM images illustrating the external and internal structures of the MZ-loaded emulsion gel beads. The external surface of gel beads was rough as the oil droplets were distributed all over the bead surface. The internal (cross-sectional) structure also demonstrated the distribution of the oil droplets within the structure of the calcium cross-linked gel beads. The morphology of all other emulsion gel beads was similar to that shown in Fig. 1 . 
Mean Diameter of Gel Beads
The mean diameter of the drug-loaded CaPG beads, emulsion gel beads and wax-incorporated emulsion gel beads is shown in Table I . The mean diameter of the MZ-loaded gel beads ranges between 2.2 and 2.5 mm. The size of the obtained beads resulted from the inner diameter of the extruded needles that used in the study. A pendant droplet, which is formed by the flow of a liquid through a needle, continuously grew until its mass achieved a critical value, at which moment the droplet detached from the tip of the needle and fell in a receiving solution (21) . The mean size of the beads insignificantly changed when the amount of oil and/ or wax was changed. This agreed with the previous report which the type of additives used (e.g. waxes or polymers) insignificantly influenced the mean diameter of the emulsion gel beads (16) .
Buoyancy of Gel Beads
The conventional CaPG beads made of low methoxy pectin (without oil) did not float in SGF. This is not surprising as the apparent density of the conventional CaPG beads was higher than the density of the test medium (15) . If a sufficient amount of oil was added, the emulsion gel beads could float immediately (Table I) and remained floating for 24 h (Fig. 2) . Incorporation of various waxes with different melting temperatures did not significantly influence the floating behavior of the wax-incorporated emulsion gel beads. The beads floated Fig. 4 . Effect of the type of waxes on drug release from waxincorporated emulsion gel beads containing 30% w/w olive oil and 4% w/w wax. The designations of different formulations were clarified in Table I Fig . 5 . Effect of the amount of incorporated wax on drug release from wax-incorporated emulsion gel beads containing 30% w/w olive oil and 4% w/w wax; a) spermaceti wax and b) white wax. The designations of different formulations were clarified in Table I with the oil amount of 30% w/w. The exception is for the PEG, GMS and SA in which the oil amount of 20% w/w could induce floating of the beads. Increasing the amount of wax in the formulation also resulted in the floated beads. Good in vitro floating behavior in SGF was observed in most of the formulations. The floating properties of the emulsion gel beads and wax-incorporated emulsion gel beads may be attributed to the low apparent density of the beads containing oils. This implied that the beads will have the tendency to exhibit a good in vivo floating effect.
In vitro Release of MZ from Gel Beads
Drug release studies were performed, only when the beads floated in SGF, in order to examine the suitability of the beads as an intragastric floating drug delivery system. The drug release profiles were presented by plotting the amount of MZ released against time. Figure 3 shows the drug release profiles of CaPG (conventional) beads, and emulsion gel beads containing 20% w/w olive oil without and with 4% w/w wax (either PEG or GMS). No lag time was observed in any of the formulations studied. As MZ is freely soluble in acid medium, the release of MZ from the formulations in SGF is quite rapid. About 80% of MZ was released within 20-30 min from CaPG beads. The emulsion gel beads containing 20% w/w olive oil released the drug slower due to the fact that the oil, which is dispersed in the structure of emulsion gel beads, obstructed the dissolution channel of MZ. Incorporation of hydrophilic wax (i.e. PEG) in the formulation, the drug release was faster than the emulsion gel beads without wax. It is likely that the PEG enhanced water uptake into the beads, and thus increased the dissolution of MZ. Moreover, PEG could dissolve out and create porous matrix which enhanced drug release (16, 22) . In contrast, the drug release was slower when a hydrophobic wax (i.e. GMS) was incorporated (Fig. 3) . The addition of GMS gave the matrix with more hydrophobicity which consequently delayed the diffusion of drug from the beads. Also, it could be seen from Fig. 3 that the incorporation of GMS could significantly retard the drug release (i.e. the time for 80% release of drug was about two-time slower), compared to that using PEG.
Various types of hydrophobic wax were then examined in order to observe the effect on the drug release. Figure 4 shows the effect of type of wax on drug release from the waxincorporated emulsion gel beads containing 30% w/w olive oil and 4% w/w wax. Obviously, the incorporation of wax could retard the drug release from emulsion gel beads. However, there is only a slight effect on drug release when using different types of hydrophobic wax. It seems that there is no relation between the melting temperature of various waxes (see Table I ) and the ranking order of drug release. Though the waxes used in this study are insoluble in water (except PEG), it is known that stearyl alcohol, which is a fatty alcohol prepared from stearic acid, is somewhat hydrophilic with the tendency of being hydrated in aqueous medium, compared to other waxes (white wax, carnauba wax, and spermaceti wax). The drug release from beads containing stearyl alcohol was slightly faster than those of the beads containing other hydrophobic waxes. Although white wax and carnauba wax had similar structure, they showed different release rates, i.e. the drug release from formulation containing white wax was slower than that containing carnauba wax. Both waxes are natural, complex lipid materials, consisting of different amounts of primarily acid esters, free acids, fatty alcohols, and hydrocarbons. White wax contains a higher percentage of free fatty acid but a lower percentage of fatty esters than carnauba wax. The difference in chemical characteristics mentioned above would influence in the faster drug release from white wax-based formulation. These data fit well with those of other studies (23) with the exception of Ozyazici and colleagues (24) that reported more drug release with the carnauba wax than the beeswax.
Increasing the amount of wax significantly slowed the drug release. Figure 5 shows the effect of the amount of incorporated wax on drug release from wax-incorporated emulsion gel beads containing 30% w/w olive oil and 4% w/w wax. The effect of the increased amount of wax (i.e. from 4 to 16% w/w) on drug release was more apparent when using spermaceti wax (Fig. 5a ) than white wax (Fig. 5b ) and other waxes (data not shown). The release rate decreased due to the water resistance when the amount of wax was increased. The same influence of the increased amount of the wax used on drug release from pellets based on the combination of wax, starch and maltodextrin was observed (25) . Cao et al. (26) also demonstrated that the release rate from lipophilic matrix tablets decreased when the amount of lipophilic excipients (stearyl alcohol, stearic acid and/or carnauba wax) was increased. However, the drug release from all beads was completed within 3 h. It is likely that the incorporation of hydrophobic wax in the hydrophilic carrier (i.e. pectin beads) was not efficient for sustaining the release rate of a highly soluble drug (in acid environment).
CONCLUSION
Intragastric floating drug delivery system was prepared by incorporating low density materials, e.g. oils and/or waxes. Incorporation of wax into the beads influenced the drug release, i.e. hydrophilic wax increased the drug release while other hydrophobic waxes significantly retarded the drug release. Increasing the amount of hydrophobic wax in the formulation significantly prolonged the drug release but was insufficient for sustaining the release of highly water-soluble drug.
